Abstract. The potentiality of interpreting the D-meson decay-dynamics has revealed itself to be strongly dependent on our understanding of the light-meson sector. The statistics collected by FOCUS is already at a level that manifests parametrization problems for scalar particles. In this paper the first application of the K-matrix approach in the charm sector is illustrated and preliminary results on the D + and D s decays to three pions are shown.
INTRODUCTION
Charm-meson decay-dynamics has been studied extensively over the last decade. Dalitz plot analysis has indeed revealed itself a powerful tool for investigating the effects of resonant substructures, interference patterns and final-state interactions in the charm sector. The isobar formalism traditionally applied consists of a sum of relativistic BreitWigner resonances properly modulated by form factors (Blatt-Weisskopf barrier factors are generally used) and multiplied by an angular term assuring angular-momentum conservation. The potentiality to investigate charm dynamics has revealed itself to be strongly connected with a knowledge of the light-meson sector. In particular, the need to model the scalar particles populating our charm-meson Dalitz plots has led us to question the validity of the BW approximation for the description of a resonance. Resonances are associated with poles of the S-matrix in the complex energy plane. It is the position of the pole that provides the fundamental, model-independent, process-independent resonance parameters.
The fitting of data with simple Breit-Wigner formulae corresponds to the most elementary type of extrapolation from the physical region to an unphysical-sheet pole. In the case of a narrow, isolated resonance, there is a close connection between the position of the pole on the unphysical sheet and the peak we observe in experiments at real values of the energy. However, when a resonance is broad and overlaps with other resonances, this connection is lost. The BW parameters measured on the real axis (mass and width) can be connected to the pole-positions in the complex energy plane only through models of analytic continuation. A formalism for studying overlapping and many channel resonances was proposed long ago and is based on the K-matrix [1, 2] parametrization. This formalism, originating in the context of two-body scattering, can be generalized to cover the case of resonance production in more complex reactions, with the assumptions that the two-body system in the final state is isolated and that the two particles do not simultaneously interact with the rest of the final state in the production process [3] . Its implementation allows us to include the positions of the poles in the complex plane directly in our analysis, embedding in our amplitudes the results from spectroscopy experiments [4, 5] .
THE FIT FORMALISM
The formalism traditionally applied to three-body charm decays relies on the so-called isobar model. A resonant amplitude for a quasi-two-body channel, of the type
form factor F D interacts with a di-pion current with form factor F r through an unstable propagator with an imaginary width contribution in the propagator mass. Each resonant decay function is thus,
i.e., the product of two vertex form factors (Blatt-Weisskopf momentum-dependent factors), a Legendre polynomial of order J representing the angular decay wave function, and a relativistic Breit-Wigner (BW). In this approach, already applied in the previous analyses of the same channels [6, 7] , the total amplitude (Eq. 2) is assumed to consist of a constant term describing the direct non-resonant three-body decay and a sum of functions (Eq. 1) representing intermediate two-body resonances.
Additional care has to be applied to describe the f 0 (980) resonance because of the opening of the KK channel near its pole mass. A Flatté coupled-channel parametrization [6, 8] is generally adopted.
The K-matrix formalism
For a well-defined wave of specific isospin and spin IJ, characterized by narrow and isolated resonances the propagator is, as anticipated, of the simple BW form. In contrast, when the specific wave IJ is characterized by large and heavily overlapping resonances, just as the scalars, the propagation is no longer dominated by a single resonance, but is the result of complicated interplay among the various resonances. In this case, it can be demonstrated on very general grounds that the propagator may be written in the context of the K-matrix approach as
where K is the matrix for the scattering of particle a and b and ρ is the phase-space matrix.
While the need for a K-matrix parametrization, or in general for a more accurate description than the isobar model, is questionable for the vector and tensor amplitudes, since the resonances are relatively narrow and well isolated, this parametrization is unavoidable for the correct treatment of the scalar amplitudes. Indeed the ππ scalar resonances are large and overlap each other in such a way that it is impossible to single out the effect of any one of them on the real axis.
In order to write down the propagator, we need the scattering matrix. To perform a meaningful fit to our three-pion data, we thus need a full description of the scalar resonances in the relevant energy range, updated to the most recent measurements in this sector. To our knowledge, the only self-consistent description of s-wave isoscalar scattering is that given in the K-matrix representation by Anisovich and Sarantsev in [5] through a global fit of all the available scattering data from the ππ threshold up to 1900 MeV.
To introduce the K-matrix formalism used in this analysis, we must recall some general, non-trivial, considerations. The production of an isoscalar, s-wave state with an accompanying pion, involves, in the energy region relevant to this analysis, five channels, namely 1 = ππ, 2 = KK, 3 = ηη, 4 = ηη ′ and 5 = multi-meson states (mainly four-pion states at √ s < 1.6 GeV). The production amplitude in the particular channel (00 ++ ) i π can be written as
where I is the identity matrix, K is the K-matrix describing the isoscalar s-wave scattering process, ρ is the phase-space matrix for the five channels, and P is the 'initial' production vector into the five channels. In this picture, the production process is viewed as consisting of an initial preparation of several states, which then propagate via the term (I − iKρ) −1 into the final state. In particular, the three-pion final state can be fed by an initial formation of (ππ)π, (KK)π, etc. The particular process we are dealing with, (π + π − )π + , is then described by the amplitude F 1 . In this paper, the K-matrix used is that of [5] :
The factor g 
where β α is the coupling to the pole α in the 'initial' production process, f prod 1 j and s prod 0 are the P-vector background parameters. In the end, the complete decay amplitude of the D meson into three-pion final state is:
where the index i now runs only over the vector and tensor resonances, which can be safely treated as simple Breit-Wigner's (see Eq. 1). In the fit to our data, the K-matrix parameters are fixed to the values of Table 1 , which consistently reproduce measured s-wave isoscalar scattering. The free parameters are those peculiar to the P-vector, i.e. β α , f 
THREE-PION PRELIMINARY RESULTS
The three-pion selected samples (Fig. 2) consist of 1527 ± 51 and 1475 ± 50 events for the D + and D s respectively. The Dalitz plot analyses are performed on yields within ±2σ of the fitted mass value.
D s → πππ
The D s Dalitz plot (Fig. 3) is clearly structured. Indeed, two f 0 (980) bands in the low and high projection at 1000 MeV, a band in the 1500 MeV high-projection region and an note that the sum of the fit fractions is about 150%, pointing to a large, rather suspicious, interference effect among the contributions. One of the main advantages of the K-matrix approach is the straight-forward prescription for constraining the amplitudes to respect the two-body unitarity and the universality of the poles in the complex energy plane. The resonance parameters are fixed to the reference paper [5] . The results are quoted in Table 3 . The contribution of the whole s-wave in the D s decay into three pions is computed in a single fit fraction. The fit C.L. is 3.2%. It is interesting to note here that the sum of the fit fractions is very close to 100%. The fractions of f 2 (1275) and ρ 0 (1450) are quite consistent in the two approaches; the main difference concerns the scalar sector. A good fit to our D s → 3π signal can be obtained even without the non-resonant contribution. The K-matrix fit results are shown on the Dalitz projections in Fig. 5 .
The D + → π + π − π + channel shows an excess of events at low ππ mass, (Fig. 6) , which cannot be explained with simple BW's corresponding to well-established resonances. A fit performed with a free parameter single-channel Breit-Wigner returns a mass m = 443 ± 27 and width Γ = 443 ± 80. The decay fraction and phases are reported in Table 4 . The f 0 (980) parameters are fixed to the values found in the D s channel, where
